INTRODUCTION Penetrating thoracic trauma is common and costly. Injuries are frequently and selectively amenable to nonoperative management. Our selective approach to penetrating thoracic trauma is reviewed and the effectiveness of our clinical algorithms confirmed. Additionally, a basic cost analysis was undertaken to evaluate the financial impact of a selective nonoperative management approach to penetrating thoracic trauma. MATERIALS AND METHODS The Pietermaritzburg Metropolitan Trauma Services electronic regional trauma registry hybrid electronic medical records were reviewed, highlighted all penetrating thoracic traumas. A micro-cost analysis estimated expenses for active observation, tube thoracostomy for isolated pneumothorax greater than 2 cm and tube thoracostomy for haemothorax. Routine thoracic computed tomography does not form part of these algorithms. RESULTS Isolated thoracic stab wounds occurred in 589 patients. Eighty per cent (472 cases) were successfully managed nonoperatively. Micro-costing shows that active observation costs 4,370 ZAR (£270), tube thoracostomy for isolated pneumothorax costs 6,630 ZAR (£400) and tube thoracostomy for haemothorax costs 21,850 ZAR (£1,310). DISCUSSION Penetrating thoracic trauma places a striking financial burden on our limited resources. Diligent and serial clinical assessments, alongside basic radiology and stringent management criteria, can accurately stratify patients to correct clinical algorithms. CONCLUSION Selective nonoperative management for penetrating thoracic trauma is safe and effective. Routine thoracic computed tomography is unnecessary in all patients with isolated thoracic stab wounds, which can be reserved for a select group who are identifiable clinically. Routine thoracic computed tomography would not be financially prudent across Pietermaritzburg Metropolitan Trauma Services. Government action is required to reduce the overall incidence of such trauma to save resources and patients.
Introduction
Major trauma is the most common cause of death, disability and hospitalisation of patients under the age of 40 years. 1, 2 The World Health Organization estimates that the global injury mortality rate is five million per annum, with almost one-fifth of this occurring in Africa. 3 Penetrating thoracic trauma (PTT) contributes a significant proportion of the trauma burden. A study from Cape Town quotes a national figure which estimates that thoracic trauma contributes approximately one-fifth of all non-natural causes of death in South Africa. 4 Across the UK, PTT accounts for 25% of approximately 4000 trauma-related deaths each year. 5 These figures demonstrate the potential impact that PTT has on our societies and healthcare systems. Thoracic trauma also contributes substantially to death from major trauma. 6 A local review of mortuary data revealed an overall mortality rate of 33% for penetrating thoracic stab wounds. 7 However, thoracic trauma is associated with a range of pathologies, from life-threatening injuries to minor self-limiting wounds. The majority of patients with PTT who reach hospital can be managed conservatively, either by observation or by means of tube thoracostomy. 4, 6, 8 Identifying patients who can safely be observed, those who require tube thoracostomy alone and those who require surgery is key to the successful management of these injuries. When the incorrect management algorithm is followed there is the potential that some patients may have delayed surgical treatment and, conversely, that some patients may be subjected to unnecessary intervention.
Emerging imaging modalities such a computed tomography (CT) and point-of-care sonography have been increasingly used as screening tools for PTT. 9 Strumwasser et al. 10 , in 2016, reviewed a cohort of haemodynamically normal patients who had sustained PTT. He concluded that screening with thoracic CT (TCT) is effective in determining those who can be managed non-operatively. 10 In the UK, the National Institute for Health and Care Excellence (NICE) guidelines for in-hospital management of chest trauma state, 'consider immediate CT for young people and adults with suspected chest trauma without severe respiratory compromise who are responding to resuscitation or whose haemodynamic status is normal'. 5, 11 These guidelines make no distinction between blunt or penetrating trauma. 5 Other authors, however, advocate choosing imaging modalities based on the findings of clinical examination.
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The Pietermaritzburg Metropolitan Trauma Services does not make use of routine TCT for haemodynamically stable patients presenting with PTT, but follows a selective approach. This approach eschews routine imaging of patients in lieu of stringent serial clinical examination. This approach initially developed during the era of apartheid, when the demand for trauma care greatly exceeded the available resources. 4, 8, [13] [14] [15] In response to increasing knife crime across the UK and the prominent terrorist attacks in major European and UK cities, it may be sensible to review and standardise management strategies for PTT. Gaining an appreciation for the financial burden these specific injuries place on the NHS may help to develop prudent healthcare strategies. The National Audit Office, which reviewed major trauma care in England in 2010, revealed that exact costs for the in-patient management of major trauma across the NHS does not exist. Overall estimations were quoted ranging from £0.3-0.4 billion per annum. 1 There were no cost estimations for specific injury management.
This study aims to review our selective approach to PTT and to confirm effectiveness of our clinical algorithms. Additionally, a basic cost analysis is undertaken to evaluate the financial impact of a selective nonoperative management approach to PTT. We consider the cost implications of managing the equivalent patients using the NICE guidelines.
Setting
The Pietermaritzburg Metropolitan Trauma Service (PMTS) provides definitive trauma care to the city of Pietermaritzburg, the capital of KwaZulu-Natal province. Our prospectively maintained electronic regional trauma registry (Hybrid Electronic Medical Records) was reviewed inclusively from 1 January 2012 to 30 April 2015. The Biomedical Research Ethics Committee of the University of KwaZulu-Natal provided ethical approval for this study and the maintenance of our trauma registry (BE 207/09 and BCA 221/13). Weekly morbidity and mortality meetings and stringent clinical management protocols ensure that optimal and universal care is maintained.
Management criteria for PTT
All patients presenting with PTT are seen in the emergency department. Initial assessment and management is in accordance with Advanced Trauma Life Support®. Clear published clinical and radiographic criteria are used to identify cases with a pleural collection and to determine those who would be amenable to nonoperative management (either active observation or TT) and those requiring emergent surgery. TCT is not required as part of initial radiographic work-up to determine this (Table 1) . 13 If local clinical and chest radiograph criteria are met for tube thoracostomy, this is inserted under local anaesthesia in the emergency department.
Management algorithms for PTT
The determining factor is the patient's haemodynamic status on admission. In this paper we consider only those patients who are haemodynamically stable and who have not required surgical intervention during their admission. For clarity, clinical assessment includes a combination of the patient's symptoms, clinical signs and vital observations (oxygen saturation, respiratory rate, heart rate, blood pressure and temperature). This is performed serially and trends are responded to as necessary. Serial clinical assessments over a 48-hour period form the basis of our management protocol. Patients in this category are 
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given analgesia and observed for any clinical deterioration. On average, patients who are observed can expect to have one radiograph if normal and two if there is an isolated pneumothorax less than 2 cm. Patients who are admitted requiring tube thoracostomy for isolated pneumothorax can expect to have two chest radiographs per admission (pre tube thoracostomy and following its removal). Those patients with a haemothorax will similarly have on average two chest x-rays, provided that the haemothorax drains and resolves in full. Further investigation and treatment would be required for those who have retained collections.
Materials and methods
Cohort and demographics
All patients who sustained an isolated thoracic stab wound over the defined 40-month period were identified for review. Standard demographic data was recorded for each patient. (Table 2 ). The clinical management of each patient was reviewed and the clinical outcome of each patient documented. Patients with multiple injuries, gunshot wounds, impalement injuries or those who required operative intervention including video-assisted thoracoscopy have been excluded.
Costing
Using 45 index cases, a bottom-up micro-costing technique was used to estimate average expenses for our three defined management algorithms. Eight cost drivers were identified: in-patient stay, operative costs (including total time and surgical supplies calculated on an hourly rate), laboratory and radiological investigations, ward adjuncts, blood transfusion and blood product use, antimicrobial use and requirements for analgesia. The cost drivers and corresponding costs are listed in Table 3 . The costs were based on discussion with individual finance officers and consultation with private health insurers. All costs pertain to previously published data from our institution. [17] [18] [19] Costs include all overhead expenses such as water and electricity but do not include staff salaries. All expenses have been rounded up to the nearest ten. We have not been able to include the cost of vital services provided by our allied health professionals such as physiotherapists, dieticians and occupational therapists, making our calculations a conservative estimate of the true total.
Results
Over the 40-month period under review, 589 patients sustained an isolated thoracic stab wound. Eighty percent (472 patients) were treated nonoperatively and are considered for analysis. Of this nonoperative cohort, 79% (372 patients) required drainage of a pleural collection with a tube thoracostomy.
Active observation
Twenty-one per cent (100 patients) required admission for a period of active observation, of whom 80 patients (17%) had no identifiable injury and 20 (4%) had a small pneumothorax (less than 2 cm), which was observed for clinical deterioration or an increase in size. Table 2 demonstrates that these patients had normal oxygen saturation, respiratory and heart rates. The cohort's average lactate was also within normal limits at 2.2 mmol/l. All patients had a Glasgow Coma Score of 15. There was a 100% survival rate and no patient required admission to intensive care. No significant complications were recorded. 
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Management with tube thoracostomy
Twenty per cent (96 cases) had an isolated pneumothorax greater than 2 cm, which was drained with a tube thoracostomy. Again, these patients seem to present with normal oxygen saturation, respiratory and heart rates. Only 2% required admission to a high-dependency unit; all patients survived and 84 cases (88%) had no recorded complications. Five patients (5%) had a small residual pneumothorax following removal of their tube. These were all observed. In three cases (3%) the tube was dislodged or fell out prematurely and required reinsertion. Other complications occurred in four patients (4%) and included 
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bleeding from the thoracostomy site, resolving surgical emphysema, development of a lower respiratory tract infection and a larger residual pneumothorax. Fifty-nine per cent (276 cases) had an element of haemothorax. Admission lactate values were higher than other categories and were associated with the highest average injury severity score of all categories. The patients generally had subtle decreases in their admission oxygen saturation values and increased respiratory and heart rates. Less than 1% required high-care input and all patients survived. Sixty-eight percent (187 cases) had no recorded complications. Thirteen percent (36 cases) had a retained collection (pneumo-or haemothorax) of which 28 were small and therefore managed conservatively, 7 required a second thoracostomy and 1 was considered for early scheduled video-assisted thoracoscopy. Five percent (14 cases) were treated for sepsis, including lower respiratory tract infections, pleural empyema and wound infections. Three percent (8 cases) had other non-life threatening complications and, unfortunately, 11% of cases had nothing recorded (Table 4) .
Management algorithm expense
Micro-costing of 45 index cases has been used in our cost estimations. This reveals that active observation on average costs 4,370 ZAR (£270). Average active observation costs are deduced from combining cost for those cases with no evidence of underlying visceral injury and those cases with an isolated small (less than 2 cm) pneumothorax. Nonoperative management costs have been subdivided into those with an isolated pneumothorax greater than 2 cm and those with haemothorax. An isolated pneumothorax requiring tube thoracostomy management costs 6,630 ZAR (£400). Haemothorax, which are more common and more difficult to treat, are associated with increased expense and estimations reveal an average cost of 21,850 ZAR (£1,310).
Cost analysis
Over the 40-month study period, Pietermaritzburg Metropolitan Trauma Service spent 7,235,980 ZAR (£441,400) on the nonoperative management of PTT. Six percent of the overall cost was spent on active observation, 10% of the total on isolated pneumothorax greater than 2 cm with tube thoracostomy and 84% of total costs were for tube thoracostomy drainage of haemothorax. With our current algorithm, radiological investigations comprise on average 11% of the overall cost. Length of stay represents the largest proportion of cost for each algorithm at 72%, 75% and 82% for active observation, isolated pneumothorax and haemothorax, respectively (Table 5 ) Should the NICE guidance of obtaining a TCT in all cases with suspected chest injury be implemented across Pietermaritzburg Metropolitan Trauma Service, the region would need to spend an extra 2,140 ZAR (£130) for each case. This amounts to an extra 303,030 ZAR (£18,490) per annum and 1,515,120 ZAR (£92,430) over the next five years. Each algorithm for nonoperative management of PTT would understandably increase substantially. The percentage of the total cost spent on radiology for each algorithm would increase from an average 11% to 97%.
Discussion
Our data suggest that a selective approach to managing patients with PTT is both safe and cost effective. Adhering to our previously published criteria (Table 1) , 80% of all isolated thoracic stab wounds were successfully managed non-operatively with no mortality and acceptable morbidity. 8 Complication rates increased as the severity of pathology increased and are highest in patients with haemothorax.
TCT for each patient with chest trauma at the time of presentation, as recommended by NICE, is not routine in our setting and using the NICE guidelines would add an estimated average annual expense of 303,030 ZAR (£18,490) per annum. Additionally, it would expose numerous patients to unnecessary radiation. TCT is useful in a select cohort of patients, where the clinical picture progresses, deviates from the expected or usual clinical course and for patients with transmediastinal injuries. However, our data confirm that our algorithms based on clinical examination and basic radiographs can reliably and safely stratify patients. In the UK, penetrating thoracic injury is most often as a result of stab wounds. 5 Trauma care in the UK was described as 'less than good practice' for 60% of trauma patients prior to the introduction of the major trauma centre network. 21 The introduction of the UK's major trauma network has shown excellent improvements in trauma care. There remain inconsistencies among these centres, but the national standardisation of management strategies has resulted in an 85% reduction in protocol variance. 22 Following this nationwide reorganisation, Mhandu et al. 23 reported on the trends in cardiothoracic trauma during a single year in a London major trauma centre. Fifty-seven per cent (145 cases) of their cohort sustained PTT, predominantly knife wounds. 23 Pallett et al. 24 found that the introduction of a standard operating procedure in a London major trauma centre contributed to a reduction of inappropriate CT. This demonstrates the importance of defined management algorithms and their ability to reduce unnecessary radiation exposure. 24 While it is difficult to directly extrapolate clinical findings across vastly different healthcare systems, the South African data suggest that routine TCT in our setting is both avoidable and costly.
Conclusion
Our policy of selective management for PTT is safe and effective. For isolated thoracic stab wounds rigorous and serial clinical assessment with basic radiographs and adherence to stringent criteria can appropriately select patients amenable to nonoperative management and should not be disregarded. Across the Pietermaritzburg Metropolitan Trauma Service, TCT will continue to be reserved for selected patients who are identifiable from clinical examination and basic radiology.
It is clear that thoracic trauma in our setting even when managed under rigorous economic circumstances still incurs substantial expenses. Orchestrated government lead public health measures must be implemented to lessen overall levels of interpersonal violence in order that morbidity, mortality and financial repercussions of these injuries are reduced. Reducing overall incidence rates in our setting is likely the only sustainable way to substantially further reduce healthcare-and society-related costs. 
